of seismological techniques, including body-waveform modeling, global travel-time inversion, surface-wave dispersion and waveform inversion, and normal-mode splitting analysis, have been brought to bear upon the problem of mapping the velocity deviations from radially symmetric earth structure in the deep interior. While this lateral velocity heterogeneity is relatively small, typically being only a few percent variation about the average earth model, its significance is profound. This is because the velocity variations are signatures of thermal, compositional, and crystal orientation differences, all of which are associated with mantle dynamics. Accurate three-dimensional imaging of the heterogeneity thereby provides the most direct means for determining the configuration of mantle convection systems. The seismological models also serve as critical constraints for geodynamic and geochemical modeling of the earth, and are resulting in increasing interdisciplinary interaction. Perhaps the most important inference to be drawn from the first generation of global models is that the rich complexity of the interior indicates a non-steady system, for which simplistic notions of steady-state flow may be inapplicable.
expansions do not require an a priori tectonic regionalization. Nataf et al. [1984, 1986] inverted the dispersion measurements for transversely isotropic models that explicitly include shearwave and compressional-wave anisotropy. Other inversions of the dispersion data were performed by Tanimoto [1985, 1986b] and Tanimoto and Anderson [1984, 1985] Other surface-wave procedures for improving the resolution of the upper mantle models have involved detailed analysis of overtones, which sample the transition zone more completely than the fundamental-modes. Lerner-Lam and Jordan [1983] extracted the higher-mode information using branch crosscorrelation functions between single-mode branch synthetics and the observed seismograms. This procedure was used to develop upper mantle shear velocity structures across Eurasia and the eastern Pacific. The resolution capability of this procedure was analyzed by Gee and Jordan [1986] , and an extension to anisotropic inversion was considered by LernerLam [1986] . Okal and Jo [1983, 1985] have analyzed dispersion characteristics of longer period spheroidal overtones. One of the most promising procedures appears to be inclusion of bodywave and early overtone signals in the global surface-wave inversions, as shown by Woodhouse and Dziewonski [1986] . Further progress will be possible as instruments which remain linear for the first surface-wave arrivals from large earthquakes are deployed.
Free-Oscillations
The surface-wave investigations described above have proven most fruitful in leading to models of upper mantle heterogeneity because of asymptotic approximations for the traveling waves which lead to straightforward data analysis and inversion. Analysis of the splitting of normal-mode spectra due to ellipticity, rotation and lateral heterogeneity is also beginning to yield aspherical earth structure models, and formalisms are being developed that should eventually lead to non-asymptotic inversions.
Masters et al. [1982] 
LOWER MANTLE STRUCTURE
In addition to the slab structures that appear to extend into the lower mantle, velocity heterogeneity at a variety of scales has been detected below the 670-km discontinuity. Surface-wave analysis cannot be used to determine the structure in the lower mantle, but body-wave travel-times reveal both small and large scale variations. Localized velocity heterogeneities with scale lengths of about 1000 km and 2% velocity heterogeneity were detected beneath the Caribbean and South America by Lay [1983] , using S and ScS travel times from WWSSN recordings. A high velocity anomaly beneath the Caribbean at depths of 800 to 1900 km was found to extend northward, with a systematic offset to the east with increasing depth, in the tomographic inversion by Grand [1986a] 
CORE S•rRt•C•rt•E
The radial and lateral velocity structure of the core has received increasing attention, particularly with the availability of models of the mantle heterogeneity that allow the shallow travel-time effects to be removed from data that sample the core. Large ISC travel-time data sets have been used to determine extremal bounds on the radial velocity models for the core However, the first generation of three-dimensional core models indicate greater complexity of core structure. Jordan and Creager [ 1986] and Morelli et al. [ 1986] have used large data sets of PKP and PKIKP travel times from the ISC bulletins to image the low-order heterogeneity of the core. Both studies indicate long-wavelength heterogeneity that appears to reside in both the inner core and near the core-mantle boundary.
Topography on the core-mantle boundary of-t-8 km or so with very long wavelengths can account for much of the anomaly in PKP times. Some of the heterogeneity may actually be in the outer core, but dynamic considerations prevent any density heterogeneity from persisting in this region. Anomalously large splitting of normal-modes sensitive to the core structure also indicates very long-wavelength aspherical structure. Ritzwotler et at. [ 1986] concluded that an axisymmetric structural anomaly in the outer core is required to explain these observations. Giardini et al. 
CONCLUSIONS
The large number of deep earth structure studies reviewed above reflects a recent emphasis on quantitative mapping of the three-dimensional velocity structure of the earth's interior. This has long been a principal goal of seismotogy, but it is only recently that high quality seismic data bases have been available for global analysis. The excitement generated by the first threedimensional models of the aspherical heterogeneity has breeched disciplinary boundaries and has given strong impetus to the recent efforts to upgrade the global network of seismometers [IRIS, 1984] . The rapid progress in imaging the interior using both digital and WWSSN data is a testimonial to the benefits to be reaped from high quality global network data.
It appears that the earth is heterogeneous at all depths and at all scales; thus it will be a difficult task to accurately determine the detailed structure of the interior. Error and resolution analysis will be increasingly important for appraising the results of large inversion procedures, which are often subject to subtle biases and instabilities. An open mind with regard to the nature of the earth's structure, particularly regarding general anisotropy, boundary layer structure, and whole mantle convection is important in these modeling efforts. The development of aspherical earth models has been paralleled by development of techniques for modeling wave propagation in heterogeneous media, and inverse procedures will have to be developed to exploit these.
Studies of the core-mantle boundary and core structure have begun to reveal unexpected complexity that has important geodynamic and geochemical consequences. It will be particularly important to integrate body-wave and free-oscillation data bases to better constrain the heterogeneity of this region. 
